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Abstract

cdma2000 service is the evolutionary enhancement of the IS95A, and 1S-95B standards to
support 3G sarvices defined by the Internationa Teecommunications Union (ITU). cdma2000
comes in two phases. The firg is cdma2000 1XRTT that operates within a 1.25 MHz bandwidth
and thus, can be used in existing CDMA channds as it uses the same bandwidth. The second
phase is 3XRTT, which requires a 5SMHz spectrum commitment for both the forward and reverse
links. The 1X and 3X refer to the number of 1.25 MHz wide radio carrier channds used, and
RTT refers to radio-transmission technology.

This report presents a desgn and implementation procedure for a Smulation modd of the
cdma2000 reverse link. The reverse link has been implemented a the Nationd Inditute of
Standards and Technology (NIST), usng Signd Processng WorkSystem (SPW) software
amulation tools developed by Cadence Design System Inc. The modd has been developed in a
generic manner that includes al the reverse link six radio configurations and their corresponding
data rates according to the 1S2000 specifications. For peformance evduations and
measurements, a sophisticated link budget has aso been implemented in accordance with 1S
2000 specifications. The report, after providing a tutorid review of the reverse link
characterigtics and its SPW implementation, presents the results of our measurement and
performance eva uations when transmitted over imt2000 fading channdls.

1. Introduction

The reverse link mode was implemented usng a smulation tool cdled the SPW (Signd
Processing Worksysteml). The report describes the requirements and SPW implementations for
the mobile sation CDMA (Code Divison Multiple Access) operaion on the reverse link of a
cdma2000 system 2. The cdma2000 requirements, specified in [1,2], define the data rates,
channd dructures, channd encoding, Spreading dgorithms, bassband  filtering, modulation
parameters, transmisson modeling, and channe decoding. To peform measurements for

1 Signal Processing Work System and SPW are registered trademarks of Cadence Design Systems, Inc. The SPW is
identified in this report to foster understanding. Such identification does not imply recommendation or endorsement
by the National Institute of Standards and Technology, nor doesit imply that this product is necessarily the best
available for the purpose.

2 The cdma2000 system is based on the Telecommunications Industry Association (TIA) standard which is also
known as 1S2000.

Contact : gharavi @nist.gov 22/5/01 2



evaduating the peformance of the cdma2000 reverse link, a link budget with the TIA/EIA IS
2000 [2] specifications has been developed. The link budget emphasizes the caculation of output
power for the reverse channels usng open loop power estimation. Findly, the report discusses
the measurement criteria in which the results, in terms of Frame Error Rate (FER) and Bit Error
Rate (BER), are obtained.

2. Reverse CDMA Channel Signals

The reverse link of the cdma2000 system is the link from the mobile dation to the base dation.
The channds tranamitted on the reverse link are asfollows:

Access Channel

Enhanced Access Channel

Reverse Common Control Channel

Reverse Pilot Channd (R-PCH)

Reverse Dedicated Control Channel (R-DCCH)
Reverse Fundamenta Channd (R-FCH)

Reverse Supplementa Channds (R-SCH)
Reverse Supplementa Code Channels (R-SCCH)

The firg three channels are common channels used for the communication of SO Layer 3 and
MAC (Medium Access Control) messages from the mobile station to the base dtation [4]. The
focus in this report is on the remaning five channd types, which are dlocated on a per user
bass. These five channels i.e. RPCH, RDCCH, R-FCH, RSCH and R-SCCH are the sgnds
transmitted on the Reverse Traffic Channel.

Sgnds tranamitted on the Reverse Traffic Channd ae specified by sx different Radio
Configurations [1]. For the reverse traffic operation in Radio Configurations 1 and 2, a angle R-
FCH and up to seven R-SCCH's are utilized. These two Radio Configurations are designed for
backward compatibility with the exisging I1IS95 CDMA sysem. As our main concern is the
cdma2000 system, Radio Configurations 1 and 2 will not be discussed in our evauations.

For the reverse traffic operation in Radio Configurations 3 through 6, an R-PCH is required
together with up to one R-DCCH, up to one RFCH, and up to two R-SCH's. The following
sections describe the channel structures, modulation parameters and other characterigtics of these
four Reverse Traffic Channels.

2.1 Reverse Fundamental and Supplemental Channels

User voice and data traffic are transported across the reverse link on the R-FCH and R-SCH's.
As the basc dructures of RFCH and R-SCH's are smilar, they are discussed together and
differences are noted. A sngle R-FCH per mobile is permitted, providing variable data rates up
to 9.6 kbps in Radio Configurations 3 and 5, or 14.4 kbps in Radio Configurations 4 and 6. The
use of R-SCH’ s offers two additiond higher rate channels with fixed rate transmissons.
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Table 21 ligs the gspreading rates, ratesets, and possible data rates for different Radio
Configurations. The two spreading rates 1 and 3 correspond to chip rates of 1.2288 and 3.6864
Mcps respectively. Rateset defines a particular set of data rates The data rates in Radio
Configurations 3 and 5 are included in rateset 1, while the data rates in Radio Configurations 4
and 6 are in included in rateset 2. The lowest four data rates (e.g. 1500, 2700, 4800, 9600 bps for
raesst 1) in each Radio Configuration are the permitted rates for the R-FCH, while dl of the

rates are available for the R-SCH's.

Table 2.1: Radio Configuration characterigticsfor the Rever se Fundamental and
Supplemental Channels
Radio Associated

Configurati | Spreading Rateset
on Rate

Data rates
(in bps)

1500, 2700, 4800, 9600, 19200,
38400, 76800, 153600 & 307200

1800, 3600, 7200, 14400, 28800,
57600, 115200 & 230400

1500, 2700, 4800, 9600, 19200,
38400, 76800, 153600, 307200 &
614400

1800, 3600, 7200, 14400, 28800,
57600, 115200, 230400, 460800 &
1036800

2.1.1 Framing and Encoding

Data is processed in 5 or 20 ms frames. The 5ms-frame option will not be discussed in this
report. The data rate on the RFCH can be fixed or varigble during transmisson. The variable
rates are changed on a frame by frame bass. For the R-SCH’s, the data rate remains constant
during transmisson. Figure 2.1 shows the framing and encoding procedures for the Reverse
Fundamentad and Supplemental Channds. The detals of each block will be discussed in

subsequent sections.

Add Add Frame Add Convolutional | | Symbol Symbol Block

—P Reservedj - Quality 1y Encoder_|> Encoder  [pRepetition jpf Puncture [ Interleaver -
Erasure Bit Indicator Tail Bits

Information Modulation
Bits Figure 2.1: Rever se Fundamental and Supplemental Channdl Structure ~ symbols

The first three blocks gppend hits to a frame of information bits A single reserved or erasure
indicator bit may be placed prior to the information bits. The information bits are followed by the
frame qudity indicator (CRC hits) and eight encoder tail bits. The CRC (Cyclic Redundancy
Code) bits are used as an error detection mechanism at the recelver. Encoder tall bits are used to
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terminate the convolutiona code. Figures 2.2 and 2.3 illudrate the order of the bits which form
the 20ms frame dtructure for the R-FCH and the R-SCH, respectively. The bit dlocations for the
reserved hit, information bits, CRC, and encoder tail bits are summarized in Tables 2.2 and 2.3

for the RFCH and the RSCH, respectively. Data rates are caculated by the total number of bits
ina20msframe.

R/E Information Bits F T

R/E — Reserved/Erasure Indicator Bit
F — Frame Quality Indicator (CRC)
T— Encoder Tail Bits
Figure 2.2: Reverse Fundamental Channel frame structure

R Information Bits F RIT

R — Reserved Bit
F — Frame Quadlity Indicator (CRC)
R/T— Reserved/Encoder Tail Bits

Figure 2.3: Reverse Supplemental Channel frame structure

After the framing procedures, the convolutiona or turbo encoder encodes its input a a higher
rate for error protection purposes. Symbol repetition and symbol puncturing further adjust the
transmitted bit rate to the desired chip rate (1.2288 or 3.6484 Mcps) specified by the Radio
Configurations. The symbols are then scrambled in the block interleaver for protection agangt
bursty errors. The output symbols from the block interleaver are used for the modulation process.
The parameters associated with each of the blocks in Figure 2.1 for Radio Configurations 3
through 6 are given in Figures 2.4 through 2.7 repectively.

Table 2.2: Reverse Fundamental Channd frame summary

Data Number of Bitsper Frame
Rate(bps) Total Reserved | Information CRC | Tail Bits

o |85 oo xn K| o B|R| ool x| IS
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Table 2.3: Rever se Supplemental Channel frame summary

Transmission Number of Bitsper Frame
Rate (bps) Reserved/ | Information CRC | Reserved/
Flag Tail Bits

o

PR PP OO OO O] O O| O[O OO O|O| OO

2.1.2 Reserved and Erasure Indicator Bits

The reserved/erasure indicator bit is used to indicate a bad frame on the forward channd or to re-
enable its trangmitter after tuning to another frequency. On the RFCH, a resarvelerasure bit
indicator is included in the channel sructure for Radio Configurations 4 and 6. For more detalls
please see Figures 2.4 through 2.7 which include only the lowest four data rates. On the R-
SCH's, a reserved hit is included when one of the data rates. 1800, 3600, 7200, or 14400 bps is
used in Radio Configurations 4 and 6.

2.1.3 Frame Quality Indicator
The frame qudity indicator is a cyclic redundancy code, which is a number of bits generated

from, and appended to, the end of the data in a frame to provide error detection. The data
includes dl the bits within the frame, except the frame qudity indicator itsdf and the encoder tall

3 614400 bps rate only for Radio Configuration 5.
4 1036800 bps rate only for Radio Configuration 6.
4 460800 bps rate only for Radio Configurations 6.
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bits. Frame qudity indicator is used a the recever to determine if the frame is in error. The
number of bits (6 to 16) for the frame quality indicator a each data rate in Radio Configurations
3 through 6 is dso shown in Figures 24 through 2.7. The generator polynomiads for the CRC
calculation of the frame qudlity indicator:

16-bit frame qudity indicator:  x® + x> + x4 + X'+ X + X + X +x+ 1
12-bit frame qudity indicator:  x +x + X+ X + X + X +x+ 1
10-bit frame quaity indicator:  x + X+ + X + XX + X' +xC +1

8-bit frame quaity indicator:  x®+ X + X' + X +x+1

6-bit frame qudity indicator:  x*+xX + X +x+1

2.1.4 Encoder Tail Bits

All Reverse Fundamentd and Supplementa Channels use 8 tall bits for code termindion of the
forward error protection (FEC). The eight tail bits are added to the end of the frame before FEC.
These tall bits are st differently for the two types of FEC i.e. convolutiond codes and turbo
codes.

2.1.5 Convolutional Encoder

Once the frame, shown in Figures 2.2 and 2.3, is formed, it is encoded using ether convolutiona
or turbo coding ( turbo coding will not be discussed in this report). This encoding serves to
recover the corrupted received input data. The encoding rate (1/2, 1/3, or 1/4) assigned to every
data rae for Radio Configurations 3 through 6 is given in Fgures 24 through 2.7. All
convolutiona coders used in the system have a condraint length of 9 (i.e, k = 9). The encoder
for each encoding rate is discussed in Appendix A.

2.1.6 Symbol Repetition

Code symbol outputs from the convolutional coder are repeated, based on the repetition factor
gpecified in Figures 2.4 through 2.7. The repetition factor represents the number of times a
symbol appears. For ingtance, a repetition factor 1 means no repetition; a factor of 2 means a
symbol is repested once.

Symbol repetition plays a role in adjugting the transmisson rate to the desired chip rate (1.2288
or 3.6484 Mcps). For Radio Configurations 3 through 6, the repetition factors are specified as
folows: 16 for 1500 or 1800 bps; 8 for 2700 or 3600 bps; 4 for 4800 or 7200 bps; 2 for 9600 or
14400 bps; and 1 for the remaining data rates.

2.1.7 Symbol Puncture

Following symbol repetition, some symbols are punctured (or deleted) as required to provide a
correct rate for the modulation process. The puncturing patterns used with convolutiond codes
ae defined in Table 2.4. Each puncturing paitern is associated with its puncturing retio. This
ratio is aso specified in Figures 2.4 through 2.7 for every daa rate in Radio Configurations 3
through 6.
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A ‘0 in a puncturing pattern means that a symbol is deeted and ‘1’ means that a symbal is
passed. The MSB in the patern corresponds to the fird symbol in the symbol group
corresponding to the length of the puncturing pattern. The pattern is repested for al remaning
symbals in the frame. For example, the 5symbol puncturing paitern for Radio Configuration 3 is
‘11110, which means the fird, second, third, and fourth symbols are passed, while the fifth
symboal of each consecutive group of five symbolsis removed.

Table 2.4: Punctured Codes Used with Convolutional Codes

Radio Data Rates (bps) Basic Code Puncturing Puncturing
Configuration Rate Ratio Pattern

1500 11110

2700
111111110

1800, 3600, 111010111011
7200, 14400 101011101010°

28800, 57600,
115200, 230400 ‘1101100110171

1036800 111011111
111111110’

2.1.8 Block Interleaver

After puncturing, the symbol ordering is rearranged in the block interleaver. This is to protect
groups of data from being corrupted at the same time by any deep fade or noise burs. For the R-
FCH and the R-SCH with Radio Configurations 3 through 6, the symbols input to the block
interleaver are written sequentially at addresses 0 to (N-1), where N is the interleaver sze. The
interleaved symbols are read out in a permuted order from address A, asfollows:

A = 2" (i mod J) + BRO,, (& / J)

where i =0toN-1;
éxQindicates the largest integer less than or equa to x;
BRO,(y) indicates the bit-reversed m-bit value of y (i.e. BROs (6) =3);
Parameter m and J are specified in Table 2.5.
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Table 2.5: Interleaver parameters

Interleaver
. J
size, N

3

OO (N[N O[N] OO OO

2.1.9 Post-Interleaver Repetition

Following the block interleaver, symbols on the R-FCH, R-SCH1, and R-SCH2 may be repeated. For the
case of R-FCH and RSCCH with a spreading rate of 3, the repetition factor is 3. On the R-SCH, the
repetition factor depends on the radio configuration, Walsh length, and data rate. Table 2.6 lists the
possible repetition factors.

Add Frame Add 8 Convolutiona Symbol Symbol Block
s Quality o Encoder | | Encoder (g Repetition [ Puncture t—ppdinterleaver —
Information Indicator Tail Bits Modulation
Bits Symbols

Bits/Fra i i Factor Deletion Symbols Rate(ksps)
me

16 Bits/20
ms (1.5)
40 Bits/20 8
ms (2.7)
80 Bits/20 8
ms (4.8)
172 8
Bits/20 ms (9.6)
360 8
Bits/20 ms (19.2)
744 8
Bits/20 ms (38.4)
1,512 8
Bits/20 ms (76.8)
3,048 8
Bits/20 ms (153.6)
6,120 8
Bits/20 ms (307.2)

Figure 2.4: Rever se Fundamental and Supplemental Channel Structurefor Radio Configuration 3
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Information
Bits

Bits/Frame

21 Bits/20 ms

55 Bits/20 ms

125 Bits/20
ms

267 Bits/20
ms

552 Bits/20
ms

1,128 Bits/20
ms

2,280 Bits/20
ms

4,584 Bits/20
ms

Add
Reserved

Bits

Add
Frame
P Quality {p

Indicator

Add
Encoder
Tail Bits g

IConvolutional
Encoder

Symbol

Repetition}>

Symbol
Puncture

Block
Interleaver

—

Modulation

Bits
(Data rate)
(kbps)

8
(1.8)

8
(3.6)

8
(7.2)

8
(14.4)

8
(28.8)

8
(57.6)

8
(115.2)

8
(230.4)

Deletion

8 of 24

8 of 24

8 of 24

8 of 24

4 of 12

4 of 12

4 of 12

4 of 12

Symbols

Symbols

Rate(ksps)

[Frame

Figure 2.5: Rever se Fundamental and Supplemental Channel Structurefor Radio

Contact : gharavi@nist.gov

Configuration 4

22/5/01

10



—>

Information

Bits

Add
Frame
Quality

Indicator

Add 8 bit
Encoder

i Tail Bits |

_b

Convolutional
Encoder

Symbol
—PRepetition

Symbol
Hp Puncture

Block
—plInterleavery

—>

Modulation

Bits/Frame

16
Bits/20
ms

Bits
(Data rate)
(kbps)

Factor

Deletion

Symbols

Symbols

Rate(ksps)

40
Bits/20
ms

2.7)

80
Bits/20
ms

8
4.8)

172
Bits/20
ms

8
(9.6)

360
Bits/20
ms

8
(19.2)

744
Bits/20
ms

8
(38.4)

1,512
Bits/20
ms

8
(76.8)

3,048
Bits/20
ms

8
(153.6)

6,120
Bits/20
ms

8
(307.2)

12,264
Bits/20
ms

8
(614.4)

Figure 2.6: Rever se Fundamental and Supplemental Channel Structurefor Radio
Configuration 5
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Add Add Frame Add Convolutional Symbol Symbol Block

Reserved i iti
> Quality N Encoder_» Encoder Repetition _.Puncture N Interleaver | >

Information Bits Indicator Talil Bits .
Bits Modulation

Symbols

Bits/Frame i i Bits Factor | Deletion | Symbols | Rate(ksps)
(Data rate)

(kbps)
21 Bits/20 ms 8
(1.8) 1,536
55 Bits/20 ms 8
(3.6) 1,536
125 Bits/20 8 1,536
ms (7.2)
267 Bits/20 8 1,536
ms (14.4)

552 Bits/20 8 2,304
ms (28.8)

1,128 Bits/20 8 4,608
ms (57.6)

2,280 Bits/20 8 9,216
ms (115.2)

4,584 Bits/20 8 18,432
ms (230.4)

9,192 Bits/20 8 36,864
ms (460.8)

20,712 Bits/20 8 36,864
ms (1,036.8)

Figure 2.7: Rever se Fundamental and Supplemental Channel Structurefor Radio
Configuration 6

Table 2.6 Post-Interleaver Repetition for R-FCH, R-SCCH, and R-SCH

Channel Type | Radio Configurations | Repetition Factor
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2.2 Reverse Dedicated Control Channel

The R-DCCH is used for the transmisson of higher level data and control information from a
mobile station to a base station. This channd can be enabled or disabled on a frame by frame
basis.

2.2.1 Framing and Encoding

The basic frame dructure and encoding is illudrated in Figure 2.8. It is Smilar to that of the R
FCH and the R-SCH, described in the previous Section. The data rate for the R-DCCH is fixed at
9600 or 14400 bps for 20ms frames. Table 2.7 ligts the framing and encoding parameters for
different Radio Configurations. The R-DCCH frame dructure, prior to convolutiond coding, is
shown in Figure 2.9.

Information
Bits
Modulation
. Add J Add Frame Add Convolutiona Symbol Symbol Block Symbols
eserved | Quality Encoder | Encoder Repetition Puncture Interleaver
> Bit > Indicator g Tail Bits La R=1/4, K=9 L (2x) > g (1536) »>
(RC=4 or 6) (12 bits) (8 bits)
Figure 2.8: Reverse Dedicated Control Channel Structure
Table 2.7: Framing and encoding parametersfor R-DCCH
Radio Spreading Data Information Reserved | Convolutional Puncturing
Configuration Rate Rate Bits Bit Code Rate
(bps)
3 1 9600 172 0 Yy None
4 1 14400 267 1 Yy 8 of 24
5 3 9600 172 0 Yy None
6 3 14400 267 1 Yy 8 of 24
R Information Bits F T
R — Reserved Bit

F — Frame Quality Indicator (CRC)
T— Encoder Tail Bits

Figure 2.9: Reverse Dedicated Control Channd Frame Structure
2.2.2 Reserved Bits
A reserved hit is included preceding the information bits in a 20 ms frame, as shown in Figure

2.9 (for Radio Configurations 4 and 6). As mentioned earlier, the reserved hit is used to denote a
bad frame on the forward channd, or to re-endble its trangmitter after tuning to another

frequency.

Contact : gharavi @nist.gov 22/5/01 13



2.2.3 Frame Quality Indicator

A cydic redundancy check is conducted on adl R-DCCH frames to detect if the frame has been
corrupted by errors. The frame qudity indicator (CRC) is caculated on dl the bits within the
frame, except the frame quality indicator itsef and the encoder tail bits. The 20ms frame uses the
12-hit frame qudity indicator with the following generator polynomid:

12-bit frame qudity indicator: X2+ x4+ x40 48+ +x + 1

2.2.4 Encoder Tail Bits

All RDCCH frames use eght tal bits for the code termination of convolutional coding. The
eight tal bits are set to ‘0" and are added to the end of every frame prior to error correction
encoding.

2.2.5 Convolutional Encoder

Once the frame shown in Figure 2.9 is formed, convolutiond encoding is performed to protect
the data in the frame from being corrupted during transmisson. The encoding rate for dl Radio
Configurations is ¥4 with a congraint length of 9. The encoder used for this rate is the same as
that used for R-FCH or R-SCH (see Appendix A).

2.2.6 Symbol Repetition

After convolutiond encoding, each coded symbol is repeated once (i.e, each symbols appears
twice) for al Radio Configurations.

2.2.7 Symbol Puncture

Following symbol repetition, some symbols may be punctured (or deleted) as required to provide
a correct rate for the modulation process. For Radio Configurations 3 and 5, symbol puncturing
is not required. For Radio Configurations 4 and 6, symbols are deleted at the puncturing ratio 8
of 24, which means 8 symbols out of every group of 24 symbols are deleted. The puncturing
pettern isthe same asthat givenin Table 2.4.

2.2.8 Block Interleaver

After symbol puncturing, the symbol order is rearranged in the block interleaver. A single
frame's worth of data is interleaved a a time. The interleaver sze is equd to the totd number of
symbols before modulation. For the 20 ms frame option, the interleaver Sze is 1536 symbols.

As described in Section 2.1.4 the symbols input to the block interleaver are written sequentidly
at addresses 0 to (N-1), where N is the interleaver Sze. The interleaved symbols are read out in a
permutated order from address A;, asfollows:
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A = 2" (i mod J) + BRO,, (& / X)

where m =6, J= 24 (obtained from Table 2.5);
i =0toN-1,
éxdindicates the largest integer less than or equal to x;
BRO,(y) indicates the bit-reversed m-bit value of y;

2.2.9 Post-interleaver Repetition

For spreading rate 3, symbols are repeated two additiona times, resulting in three output
symbols per interleaver symbol.

2.3 Reverse Pilot Channel

The Reverse Filot Channe is an unmodulated spread spectrum sgna used for initid acquidtion,
time tracking, rake receiver coherent reference recovery, and power control measurement. The
RPCH is transmitted with Radio Configurations 3 through 6. The mobile dation insats a
Reverse Power Control Subchannd on the R-PCH. This subchannel carries the power contral bit,
which is sent to the base station for power control purposes.

Each 20 ms frame in the R-PCH is divided into 16 power control groups of 1.25 ms duration. For
the spreading rate of 1 (1.2288 Mcps), there are 1536 x 1 = 1536 PN chips in a power control
group. For the spreading rate of 3 (3.6864 Mcps), there are 1536 x 3 = 4608 PN chips in a power
control group. In each power control group on the RPCH, the pilot sgnd and the Reverse
Power Control Subchanne are multiplexed such that the pilot signd is transmitted in the firgt
1152 x N chips, and the subchannd is transmitted in the following 384 x N PN chips. N is used
to represent the spreading rate (1 or 3). Each of the 384 x N PN chips on the Reverse Power
Control Subchannel is a repetition of the forward power control bit generated by the mobile
gation. Thisisillugrated in Figure 2.10.

Pilot
(all ‘0's) —P MUX To Quadrature
Power — Spreading
Control Bit »
Pilo Power

| | | Control

44— 384xN

P
«— 1536 x N chips >
(1.25 ms)

Figure 2.10: Reverse Power Control Subchannd Structure
3. Multiplexing and Transmission

This section firsd describes the manner in which the reverse channd sgnds are orthogondly
goread and combined, followed by the arangement of quadrature spreading and findly, the
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transmisson filter will be discussed. Figure 3.1 illudrates the modulaion process for radio
configurations 3 through 6. The long code generator, which will be discussed in section3.2,
operates a 1.2288 Mcps for configurations 3 and 4, and 3.6864 Mcps for configurations 5 and 6.
For radio configurations 1 and 2, the procedure is smilar to that of 1S-95 and is not described
here. Figure 3.2 illustrates the process generating spreading codes. For Radio Configurations 3
and 4, the long code generator operates at the chip rate of 1.228 Mcps and for Radio
Configurations 5 and 6 (spreading rate 3), it operates at the chip rate of 3.6864 Mcps.

3.1 Orthogonal Spreading

Orthogona codes are used to multiplex the reverse channds i.e. RFCH, RDCCH, and R-SCH’s.
Each channd is soread by an orthogond Walsh function. The orthogona characterigtics of the
Wdsh functions ensure tha the channds do not interfere with each other. The generation of
Wash functionsis discussed in Appendix B.

The specific Wash functions used for different reverse channds are liged in Table 3.1. The
Wash function W,," indicates the m-th row of an n x n Hadamard matrix. For example, W-*
corresponds to the second row of a 4 x 4 Hadamard matrix, which is 0011. As shown in Figure
3.1, the Wash functions are converted to symbols ¢1, +1) and multiplied with the corresponding
reverse channels. Tables 3.2, 3.3, 34, and 35 outline the Wash code assignments for
supplemental  channels dong with dlowable data rates and corresponding  post-interleaver
repetition rates.

The spread reverse channds are scded by reative gains and combined. Supplemental channd 2
(R-SCH2), reverse pilot channd (R-PCH), and the reverse dedicated control channd (R-DCCH)
are combined through addition to make up the FChannd. The Q-Channd conssts of the reverse
fundamentd channd (R-FCH) and the reverse supplementd Channd 1 (R-SCH1). The spread
reverse channds are then scded by rdative gains which will be discussed in the section
describing the Link Budget (section 6). After gain adjustment, the spreed R-SCH2, RPCH, and
RDCCH ae combined to form the I-Channd. Meanwhile, spread R-FCH and RSCH1 are
combined to form the Q-Channd. This complex sgna (I and Q channels) is then spread by the
quadrature spreading that will be discussed in the next section.

Table 3.1;: Walsh functionsfor reverse CDMA channds

Channel Type Walsh Function

Reverse Pilot Channel
Reverse Dedicated Control Channel

Reverse Fundamental Channel
Reverse Supplemental Channel 1
Reverse Supplemental Channel 2
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Table 3.2: Rever se supplemental channel Walsh functionswith spreading rate 1 when only

one supplemental channel is operating

Reverse Supplemental Channel 1 Reverse Supplemental Channel 2

Walsh
Function

Data Rate
(kbps)

Post-
Interleaving
Symbol
Repetition

Walsh
Function

Data Rate
(kbps)

Post-
Interleaving
Symbol
Repetition

307.2
230.4
153.6
115.2
76.8
57.6
38.4
28.8 or Less

OARNNPR PR

Not
Supported

115.2
76.8
57.6
38.4

28.8 or Less

Not
Supported

Not
Supported

115.2
76.8
57.6
38.4

28.8 or Less

Not
Supported

Contact : gharavi @nist.gov

57.6
38.4
28.8 or Less

22/5/01

NRRBANNRE

17



Table 3.3: Rever se supplemental channel Walsh functions with spreading rate 1 when two
rever se supplemental channels are operating.

Rever se Supplemental Channel 1 Rever se Supplemental Channel 2

Walsh Function

Post-

Interleaving
Symbol
Repetition

Walsh Function

Post-

Interleaving
Symbol
Repetition

307.2
230.4
153.6
115.2
76.8
57.6
38.4
28.8 or Less

OB NNRLREPPE

115.2
76.8
57.6
38.4
28.8 or Less

307.2
230.4
153.6
115.2
76.8
57.6
38.4
28.8 or Less

OB NNRLREPPE

57.6
384
28.8 or Less

57.6
384
28.8 or Less

ADNDN

57.6
384
28.8 or Less

Contact : gharavi @nist.gov
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Table 3.4: Rever se supplemental channel Walsh functionswith Spreading Rate 3 when

only onerever se supplemental channd is operating.

Reverse Supplemental Channel 1 Reverse Supplemental Channel 2

Walsh
Function

Data Rate
(kbps)

1,036.8
614.4
460.8
307.2
230.4
153.6
115.2
76.8
57.6
38.4
28.8
19.2 or Less

Post-
Interleaving
Symbol
Repetition

NERoworwNmNRRR

Walsh
Function

Not
Supported

Data Rate
(kbps)

Post-
Interleaving
Symbol
Repetition

307.2
230.4
115.2
76.8
57.6
38.4
28.8
19.2 or Less

RoohwNk R

Not
Supported

Not
Supported

307.2
230.4
115.2
76.8
57.6
38.4
28.8
19.2 or Less

Not
Supported

115.2
57.6
38.4
28.8

19.2 or Less

orwNRIKoorwNR P
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Table 3.5: Rever se supplemental channel Walsh functions with spreading rate 3 when two

rever se supplemental channels are operating.

I Reverse Supplemental Channel 1 Reverse Supplemental Channel 2 I

Walsh
Function

Data Rate
(kbps)

1,036.8
614.4
460.8
307.2
230.4
153.6
115.2

76.8
57.6
38.4
28.8
19.2 or Less

Post-
Interleaving
Symbol
Repetition

Walsh
Function

Data Rate
(kbps)

307.2
230.4
115.2
76.8
57.6
38.4
28.8
19.2 or Less

Post-
Interleaving
Symbol
Repetition

1,036.8
614.4
460.8
307.2
230.4
153.6
115.2

76.8
57.6
38.4
28.8
19.2 or Less

115.2
57.6
38.4
28.8

19.2 or Less

115.2
57.6
38.4
28.8

19.2 or Less

- N N 2
RoornRESworwnmNmrrRrRrIRESocorwNnNR R R

115.2
57.6
38.4
28.8

19.2 or Less

Contact : gharavi@nist.gov
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Figure3.1: I and Q Mapping for Radio Configuration 5

3.2 Quadrature Spreading

The spreading sequence is aranged in a way that reduces the effect of the multipath fading
channd and restores some of the orthogondity losses between users. The arrangement of the
quadrature spreading is shown in Figure 3.2. The I-Channd and Q-Channd data is complex
multiplied by a complex spreading sequence for radio configurations 3 through 6. The in-phase
oreading sequence is formed by multiplication of the I-Channel PN sequence and the | long
code sequence. The quadrature-phase spreading sequence is formed by the multiplication of
three dements:
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1) the in-phase spreading sequence;
2) aW,? Wash function;

3) the decimated by 2 output of the multiplication of the Q- Channel PN sequence and the
Q long code sequence, where the Q long code sequenceisthe | long code sequence
delayed by 1 chip.

The | long code sequence is generated with period of Z2-1 chips by the following characteristic
polynomid:

p(x):X42+X35+X33+X31+X27+X26+X25+X22+X21+X19+
X18+Xl7+X16+XlO+X7+X6+X5+X3+X2+X+1

Each PN chip of the long ade is formed by the modulo-2 inner product of a 42-bit mask and the
42-hit date vector of the sequence generator shown in Figure 3.4. The mask used for generating
the | long code varies depending on the channe type on which the mobile dation is trangmitting.
The masking procedure will not be discussed in this report. The long code generator is required
to generate spreading sequence a a chip rate of 1.2288 Mcps for Radio Configurations 3 and 4
(spreading rate 1), and 3.6864 Mcps for Radio Configurations 5 and 6 (spreading rate 3).

The Channel and Q Channdl PN sequences are periodic with a period of 2° chips for spreading
rate 1 and 3 x 2° chips for spreading rate 3. For spreading rate 1, the PN sequences are based on
the following characterigtic polynomids:

P =xP+xB+ X+ +x +xX°+1 (I-Channe)
Po(X)=xP+x2+x+xP+x0+x +xt +x3 +11 (Q-Channdl)

The maximum length PN sequence that can be obtained from these polynomids is 2°-1. In order
to obtain the I-Channd and Q-Channd PN sequence (of period 2™°), a ‘O’ is inserted in each
sequence after 14 consecutive ‘0’ outputs (this occurs only once in each period). Therefore, the
PN sequences have one run of 15 consecutive ‘O’ outputs instead of 14. For spreading rate 3, the
PN sequences are truncated sequences of a maxima length linear feedback shift register
sequence based upon the following characterigtic polynomid:

PX)=x0+xX+x+x+1

The 1-Channd and Q-Channd PN sequences are formed from this maxima length sequence of
length 2%°-1 using different starting positions and truncating the sequences after 3 x 2% chips.
The darting podgtion of the I-Channd PN sequence is such that the first chip is the ‘1" &fter the
19 consecutive ‘O's. The darting postion of the Q-Channd sequence is the dtarting postion of
the I-Channel PN sequence delayed by 2*° chips.
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Figure 3.2: Generation of thereverselink quadrature spreading codes P, and Py

3.3 Baseband Filtering

Following complex spreading, the resulting | and Q impulses are passed through a transmisson
filter, which is a complex low-pass baseband filter. . The baseband filter has a frequency
regponse S (f) that stisfies the limits given in Fgure 3.3. The normaised frequency response is
contained within the limits £d; in the passhand O £ f £ fp, and is less than -d- in the stopband f 3
fs The numerica vaues for the parameters are d; = 1.5 dB, d» = 40 dB, » = 590 kHz, and 5=
740 kHz.

f

v
d v
A

0

«—r —>

>
0 P fS f

Figure 3.3: Baseband Filter Frequency Response Limits
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4. Channel Model

The channd modd used in the reverse link systems is that specified by IMT2000 for Vehicular
Model-A. This modd takes into account both the dow and the frequency sdective fagt fading.
The dow fading is modded by lognorma shadow fading. The frequency sdective fast fading is
modded by the superpostion of multiple sngle flat faded paths with different arivd times and
different average powers. The average power and arrival time are assumed to be fixed and are
determined by the channd impulse response. Each path has a Rayleigh didribution, with the
power spectrum suggested by Jakes [6]. Figure 4.1 shows a six-path frequency sdective fading
channd that has been used for the reverse link. Further details on the channd modeling can be
found in [3]. This modd, and dl the other IMT2000 channd modds, can be modded usng a
generdlized SPW block. The SPW block for the Vehicular Model-A, designed by Cadence and
used for the reverse link, is shown in Figure 4.2.
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Figure4.2: SPW Frequency Selective Fading channel block for the Vehicular Mode-A

After the channd, as shown in Figure 4.1, white gaussan noise (WGN) is added to smulate the

effect of ovedl inteference in the

sysem, induding themd noise and inter-cdl interference.

The dominating interference in CDMA systems tends to be inter-cdl interference which is due to

the posshility of the sysem having

Contact : gharavi@nist.gov
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cdls). The carier-to-interference ratio (C/1) is often used to denote this inter-cel interference,
and it can have vaues of OdB or less. In other words, the aggregate energy of the interference
from neighboring cells may be higher than the energy of the desired sgndl.

5. Receiver

The recever for the reverse link modd conssts of a rake recaeiver followed by a channd
despreader. The rake receiver is a coherent receiver that attempts to collect the signd energy
from al received sgnd paths that carry the same information. The rake recelver therefore can
ggnificantly reduce the fading caused by these multiple paths. The channel despreader takes the
outputs from the rake receiver and recovers the channd data, by despreading the outputs using
the appropriate Wa sh function or quasi-orthogond function.

The fird dage in the recaver modd is the recaeiver filter. This is a filter which has identica
parameters to the tranamitter filter described earlier. The next stage is to bring dl the rake fingers
into time dignment for combining. The receved ggnd a the receiver is a compodte sgnd
made up of the sum of multiple reflections of the trangmitted sgnd. Each reflection has a
different dday, amplitude and phase shift. The separation of the composite sgnd into individua
time digned dgnds occurs when the composite signa is delayed by a different dday for each
path. Therefore, a sngle complex signa input becomes a complex vector output, with a vector
length equal to the number of fingers in the rake receiver. Two types of rake receivers have been
developed for the reverse link: 1) rake recelver with fade channd estimation and, 2) ided rake
receiver. The following provides detalls of the rake receiver design.

5.1 Rake Receiver Design

The number of fingers in the rake receiver depends on the bandwidth of the received sgnd. The
number of fingers denotes the number of resolvable paths that are received — in other words, N
fingers implies that N reflections of the tranamitted sgnd ariving & the recaiver with different
delays may be detected and combined. In the reverse link model, a four or a sx finger rake
receiver is used depending on the transmitted chip rate. For the lower chip rate of 1.2288Mcps,
the number of fingers in the rake recever is four, whereas for the higher chip rate of
3.6864M cps, the number of fingersissix.

The rake receiver in the reverse link modd includes a timing feedback loop to adjust the delays
goplied to the compodte received sgna. At the dart, assumptions made are that the recelver
knows the multipath ddlays. This information is used to time aign on the reflected paths is such
away that dl the finger inputs are delay adjusted to the start of the second frame.

Within each rake finger of the receiver, the directly spread pilot symbols are used to estimate te
channd as follows. It is assumed in the recaver that the short PN sequence starting postion is
know. The PN sequence (P and R, in figure 3.2), is locally generated, and delayed by one frame
to match up with input data, which is subsequently removed from the data. The output data at
this point incdludes the sum of dl the soread data chips tha is equivdent to the sum of dl the
goread channds. It is this stream that forms the data chip output of the RAKE FINGER block.
The output is then despreaded with respect to Wash function wO. After down sampling, data
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represents the estimated channe coefficients. The channd coefficient values are then complex
conjugated, repeated (to chip rate) and multiplied.

The pilot symbols are dso used to edimae the time correction for each finger. Within each
finger there are three paths, an early path, an ontime path and a late path, which are taken from
different samples in the down sampling of the 9gnd to the chip rate. In each of these paths the
complex PN sequence is removed and despread usng the pilot Wash sequence WO. The
despread symbols represent the pilot symbols with the channd correction applied. The complex
magnitudes of the symbols on each path are used to cdculate a timing correction once per frame.
Thetiming correction may be £1. It isformed asfollows:

For each input magnitude: Yo(n+1)=(@- A)*Yg(n) +ing(n)
Yo(n+1) =@- A)* Yo (n) +iny (n)
Yi(n+) =@- A*Y(n) +in (n)

When n = size of frame: | =Yi(n+D- Yo(n+D)

Yo(n+1) +1
if || | >threshold
then ifl <0 t=+1
dset=-1.
dset=0.

where Y(n) is n" early path filtered vaue Yo(n) is i on-time path filtered vaue Y|(n) is "
late path filtered vaue A is the specified filter coefficient; ing(n) is A" input value of early pah;
ino(n) is A" input value of ontime path; in(n) is A" input value of late path; t is timing correction
vaue and threshold is a predefined vaue which decides whether atiming correction is required.

The timing correction feedback loop means that the rake recelver des not deviate too far from
the correct timing for time aligned fingers, and for correctly despread data.

5.2 SPW Implementation of Receiver

Clicking on the recaiver block in the reverse link modd reveds a block diagram smilar to the
one shown above. As can be seen, the receiver conssts of a COMPLEX FILTER block, followed
by a COMPLEX VARIABLE DELAY block whose function is to time dign the reflected paths.
The next block is the rake Receiver block, which has outputs for the data chips for dl the fingers,
and a timing correction vector. The running sum of the timing correction vaues and the origind
channd delays is fed back through a VECTOR REPEAT block (to match rate to sample rate).
The fed back values are then added to the sample delay, which & equa to the sample delay for
one frame minus the totd filter dday minus the ontime sample dday (eg., 3 sub-chips). The
total delay vector isthen used asthe delay input for the COMPLEX VARIABLE DELAY block.
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Figure5.1: SPW block for thereverselink Receiver

The data-chip outputs from the reke receiver are fed into the channd despreader block, which
separaes the data into channels and removes the orthogona spreading. The find blocks remove
the modulation from he data, making it into a Sngle data stream rather than two data streams (|

& Q).

As mentioned earlier, it is assumed in the receiver that the short PN sequence starting postion is
known by the mobile, and is locdly generated as shown in Figure 51 as the COMPLEX PN
SEQUENCE block.

Clicking on the RAKE RECEIVER block in the RECEIVER block (Figure 5.1), reveds the
block diagram shown in Figure 5.2. The firg block in this Figure is the COMPLEX VECTOR
TO SCALAR block, which splits the input vector into 4 or 6 paradlel branches (number depends
on number of posshble resolvable paths). Each branch is fed into a RAKE FINGER block. The
timing correction outputs from dl the fingers are combined into a scaar vector of length 4 or 6
usng the SCALR TO VECTOR block. This vector is the output of the RAKE RECEIVER
block, dong with the complex data chips from each of the fingers. The remaning blocks in the
RAKE RECEIVER block are a scdar condtant that generates a hold sgnd for fingers 5 & 6 if
only 4 paths are present and a timing block, which generates a reset signd once every symboal.
Thisrest sgnd isused in the RAKE FINGER blocks to reset the sum & dump blocks.
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Clicking on any of the RAKE FINGER blocks in Figure 5.2, shows the block diagram displayed
in Figure 5.3. In this Figure, the top path is the early path, which, in this case, is sample O when
the sgnd is down sampled by 8. The middle path is the on-time path, which is sample 3 of the
down sampling, and the bottom path is the late path, which is sample 6 in this case. The late path
and the early path are identicd, and are just used for the timing correction caculation. Ther
outputs from the COMPLEX DOWNSAMPLE block are each fed into a COMPLEX
CORRELATE & DUMP block, to remove the short PN sequence from their data, and
subsequently despreading them with Wash function WO. The corrdlate & dump block is reset by
the reset sgnal every symbol. The output is fed into a COMPLEX DOWNSAMPLE BLOCK
which down samples the data by the Wash length, taking the last chip of each symbol as the
vaue The magnitude of this complex number is then found, and fed into the appropriate input
port on the RAKE TIMING block.
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Figure 5.2: SPW block for cdma2000 rake receiver

The onttime path differs from the early & late paths in the fact that the corrdate & dump
function is split into two blocks. This is to alow the output of the data chips to be used to
perform fade compensation. The first block is the COMPLEX DESPREAD, which removes the
complex short PN sequence from the data The data at this point is equivdent to the sum of al
the spread channds multiplied by the fading channd. The second block is the COMPLEX SUM
& DUMP block, which has the effect of despreading the data with respect to Walsh function WO.
The data after this block is fed into two separate COMPLEX DOWN SAMPLE blocks. They
both take the last chip of the symbol, which is equivdent to the channd coefficient estimate. The
on-time path (center of above diagram) then has a block to find the magnitude of the complex
sggnd, which is fed into to the onrtime input of the RAKE TIMING block. The RAKE TIMING
block estimates the timing correction once per frame as defined earlier. The output of the block
is ddayed by a unit ddlay, which alows for stable feedback, and then sent out through the timing
output port of the RAKE FINGER block.
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The output from the second COMPLEX DOWN SAMPLE block is the estimated channe
coefficient values. The edtimated coefficients are complex conjugated, repeated (to chip rate) and
multiplied with the data chips to give a data stream that is equivaent to the sum of dl the spread
channds. It isthis stream that forms the data_chip output of the RAKE FINGER block.
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Figure5.3: SPW block for cdma2000 rake finger

5.3 Ideal Receiver

In the ided recaiver, pefect channd edimation is assumed. This is accomplished by goring the
entire flat fading channe coefficients as a complex vector. The vector dimenson is equd to the
number of frequency sdective fading paths. This vector is then fed from the channd directly to
the ided receiver. At the recever, the coefficients for each path are firsd separated and then
goplied to each rake finger after being time digned in accordance with the delay in each reflected
path.

The SPW ided receiver block is shown in Figure 54. As can be seen, in the ided case the
recaver consgts of two COMPLEX VARIABLE DELAY blocks. The first block time digns the
reflected paths for the sgnd which is equd to the sample dlay for one frame minus the totd
filter dday. The second COMPLEX VARIABLE DELAY blocks time digns the reflected paths
for the fading coefficients which, for this case, is equd to the sample ddlay for one frame minus
hdf the totd filter delay.

The next block is the Ided rake Recelver block which is shown in Figure 55. The Ided rake
Receiver block has a smilar sructure as the norrideal block except for an additiond VECTOR
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TO SCALAR block containing fading channel coefficients. Qicking on a RAKE FINGER in this
Figure, shows the block diagram displayed in Figure 5.6.
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Figure5.5: SPW block for theideal rake receiver
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Figure 5.6: SPW block for ideal receiver rakefinger

As shown in this figure, the channd coefficient vaues are complex conjugated, and multiplied
with the data chips to perform fade compensation. The output signa is then passed through the
COMPLEX DOWNSAMPLE block. The output of this block is subsequently fed into a
COMPLEX DESPREAD block, which removes the PN sequence from the data, and then
despreads it with the Wash function WO. It is this sream tha forms the data chip output of the
RAKE FINGER block.

5.4 Channel Despread

Following the RAKE RECEIVER block is the CHANNEL DESPREAD block. This block takes
the data chips output by each finger of the rake and separates them into the individua channds
using the channd Wash functions.

Clicking on the CHANNEL DESPREAD block in the receiver block displays its contents as in
Figure 5.7. As can be seen, this Figure shows a series of WALSH DESPREAD blocks — one for
each code channd in the reverse link modd, and a st of blocks to locdly generate the Wash
functions. For the non-traffic channds, a Wash function is generated by an 1S95 WALSH
SEQUENCE block, followed by a bulk ddlay block, with the delay equa to one frame in chips.
There is dso an additiond block that splits the complex data from the rake fingers into red and

imaginary parts.

Clicking on a WALSH DESPREAD block, reveds a sat of sx smaler WALSH DESPREAD
blocks (one for each rake finger) which despread the data on each finger individudly using the
same Wash function. The despread data for each finger is then combined into a vector scdar.
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The components of the vector are then summed (red and imaginary parts summed separately) to
give the despread scdar vaueb
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Figure5.7: SPW block for channe despreading

The Wash despreading is implemented as follows Fird, if the data is traffic data then any
rotation to give a QOF is removed. The complex data chips are then split into red and imaginary
dreams. Each sream is fed into a SMPLE CORRELATE AND DUMP block, correlating the
data with the walsh function. These blocks are resst every symbol period (Wash length). The
outputs of the SSMPLE CORRELATE AND DUMP block is then down sampled by the Walsh
length, taking the last sample in every symbol period. This vaue represents the despread
modulation symbol output. It should be noted that as the input data chips are scaar there is only
a SSIMPLE CORRELATE AND DUMP block followed by a DOWN SAMPLE block used for
the reverse link. In addition, since the outputs d the CHANNEL DESPREAD block are scadar,
there would be no need for de-modulation.

6 please note that in thisi mplementation "Maximal Ratio Combining" has not been considered.
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6. Base Station Decoding

The reverse link decoder shown in Figure 6.1 conssts of three mgor blocks Fundamenta
decoder, Supplementa decoder, and dedicated control channd (DCCH) decoder. The
supplementd  channel  block congss of supplementd-1 channd (R-SCH1) decoder and
supplementa-2 channel (R-SCH2) decoder. The decoders for al the channels are the reverse of
the encoders, with the exception of the fundamenta channdl.

The fundamental channel uses blind rate detection to determine the datarate. The fundamental
decoder first removes the long code (using inverse of long code and a SSIMPLE DESPREAD
block). The datais then formed into frames using the SCALAR TO VECTOR block. Each frame
is de-interleaved, and the output from the de-interleaver is fed into one of four decoding paths.

Each path conssts of a DEPUNCTURE block which inserts zeros into the data stream, where
encoded data was punctured. Then, with the exception of the full rate path in the forward link,
the data is averaged over the repetition length (opposite of symbol repetition in encoding).

Following the remova of any symbol repetition, the error-correcting code is removed using a
VITERBI DECODER block. The CRC is then checked and removed together with the reserved
bit.

The CRC check and the Viterbi metric are used in the blind rate detection, as will be described in
the following section. The output of the DATA RATE DECISION block (right sde of block
diagram) is used to select the output data frame. Further details of blind rate detection and SPW
implementation are described in the following section.

6.1 Blind Rate Detection

Traffic data rates on fundamentd channels are variable, with the ability to change on a frame by
frame bass. Since the rate information is not explicitly tranamitted, a decison must be made at
the recelver based on the incoming frame. The rate decison determines which of the four frame
formatsis assumed for the given radio configuration.

Please note that no paticular rate decison dgorithm has been described in the cdma2000
gpecification. In the following section, the rate decison mechanism implemented for SPW
modeling is discussed together with some genera information on rate decison. Bear in mind that
rate decisons are not necessary for supplemental channels since the rates are fixed.
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Figure 6.1: SPW block for base station decoding
6.2 SPW Implementation

Following the deinterleaving process at the recelver, the fundamentd traffic data is decoded in
four pardle paths — one for each of the possble rates. As shown in Figure 6.2, the output of
these paths is the decoded data assuming a specific rate. The rate decison block smply chooses
one out of the four possible outputs to be passed on as the decoded data.

The rate decison is sdected based on the CRCs and Viterbi metrics computed in each of the
paths. In the event of a sngle CRC success, the rate tha triggers the success is chosen. It is
necessary to have another decison measure, both as a backup and to handle the lower rates of
radio configuration 1, which does not include CRCs. For cases of zero or multiple successes, the
Viterbi meric is the delemining factor. This measure represents the accumulated metric
associated with the winning path of the Viterbi decoder. The Viterbi metrics are first scded to
account for the difference in encoded bit stream length that the metrics are computed over. The
rate associated with the maximum (correlation) metric is selected in this case.

It should be noted that in the reverse link modd an option of sdecting an ided blind rate
detection has dso been included. This is performed by directly feeding the rate information from
the fundamental encoder block to the fundamental channel decoder block.
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Figure 6.2: SPW block for fundamental channel decoding and blin rate dection
7. FER & BER Count

Once the data has been decoded, it is compared with the transmitted data and bit-error and
frane-error ratios are cdculated. The FER is cdculated for both supplementa channds and the
fundamental channd. In paticular, for the fundamentd channd, it is important to know if the
blind rate detection is working or not. BERs are caculated for dl channds. The find BERs and
FERs a the end of asmulation can be found in the error log file for that Smulation.

The FER & BER COUNT block contains FER/BER blocks for al the channds. Within each
FER/BER block a filename can be defined to record the FER/BER every frame (parameter:
Filename for Error Ratios). Another filename (or two for the fundamenta channel) can be st to
record the BER/FER at the end of each smulation run — parameter above WRITE AT END (file)
block. Within this block, a parameter can be set so that it either overwrites or gppends the error
ratio to the given file. Default valueis‘w’ (overwrite).

8. Link Budget

The reverse link power budget is based on the equations specified in the cdma2000 Physica
Layer Proposa [3]. In the equations, mean power is referenced to the nomind CDMA Channel
bandwidth of 1.23 MHz for spreading rate 1 (N=1) and 3.69 MHz for spreading rate 3 (N=3).
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For smplicity, Code Channd is used to represent the Reverse Fundamentd Channd (R-FCH),
the Reverse Supplementa Channd 1 (R-SCH1), the Reverse Supplementa Channd 2 (R-SCH2),
or the Reverse Dedicated Control Channel (R-DCCH).

The output power of each Code Channd is set by the mobile gtation relative to the output power
of the Reverse Pilot Channd R-PCH). Therefore, the first task is to determine the output power
of the R-PCH, Ppiiot using open loop power estimation. Then, the output power of every Code
Channdl, Pcode Can be calculated, based on Pyijor and the stored parameters in the mobile station.
The caculated Pcoge is then gpplied to the Relative Gain block shown in Figure 3.1 so that every
Code Channd can be adjusted to its desired output power for transmission.

8.1 Pilot Output Power Calculation

The eguation for cdculaing the mean pilot channd output power when trangmitting on the
Reverse Traffic Channel® with Radio Configurations (RC) 3 through 6 is as follows:

I:)pilot (dBm) =
- Mean input power (dBm)
+ Offset power
+ NOM_PWRS- (16 x NOM_PWR_EXTYS)
+ INIT_PWRS
+ RL_GAIN_ADJS Equation 1

where Pyiior is the mean pilot channe output power. Mean input power is the received power a
the mobile gation’s antenna connector (lorx) from the base station. Cifset power is summarized
in Table 8.1 for different Radio Configurations.

Table 8.1: Open loop power offsetsfor Reverse Traffic Channd

Radio
Configuration

"Forsi mplicity, the Offset Power constants are expressed without units. For example, -73 is equal to 10xlog10(10°" mwW?).
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NOM_PWRs is the nomind transmit power adjusment. NOM_PWR EXTs is the extended
nomina transmit power offset. These two parameters are correction factors to be used by the
mobile tation in the open loop power estimate, initidly gpplied on the Access Channel®.

INIT_PWRs is the adjusment that is made to the firs Access Channd probe so that it can be
recalved somewhat below the level required for it to be detected by the base dation. This
conservatism partialy compensates for occasond, patidly decorrdated path losses between the
Forward CDMA Channd and the Reverse CDMA channdl.

The purpose of having both an INIT_PWRs and a NOM_PWR_EXTs is to diginguish between
their uses. If INIT_PWRs were 0, then NOM_PWRs — (16 x NOM_PWR_EXTs) would be the
correction that should provide the correct received power at the base gaion. The NOM_PWRs —
(16 x NOM_PWR_EXTs) correction dlows the open loop estimation process to be adjusted for
different operating environments. The total range of the NOM_PWRs — (16 x NOM_PWR _ EXTy)
correction is —24 to +7 dB. The range of the INIT_PWRs is —16 to +15 dB, with a nomind vaue
of 0 dB.

RL_GAIN_ADJs is the gain adjusment of the channd reative to the last channd used (i.e. the
Access Channel, the Enhanced Access Channe®, or the Reverse Common Control Channell0)
before the Reverse Traffic Channd is operating. As a whole, it can be seen that Ppijor Will be
adjusted to a higher vaue as soon as the Mean input power drops or vice versa, provided the
stored parameters mentioned above are kept constant.

8.2 SPW Implementation

The mean pilot channd output power, Ppilot is cadculated in the SPW reverse link modd from
the following parameters, based on Equation 1 (see Figure 8.1):

Received power at the mobile station’ s antenna comnector (lorx) — set by user.
Offset power — defined in Table 8.1.
NOM_PWRS, NOM_PWR_EXTS, and INIT_PWRS — st by user.

Thetotd range of the NOM_PWRS— (16 x NOM_PWR_EXTS) correction is—24 to +7dB.
Therangeof INIT_PWRSis-16 to +15dB.

RL_GAIN_ADJS— set by user.

8 Access Channel is used by the mobile station for controlling and sending short messages such as call origination, page
response, and registration.

9 Enhanced Access Channel is used by the mobile station to initiate communication with the base station or to respond to a
mobile station directed message.

10 Reverse Common Control Channel is used for the transmission of user and signaling information to the base station when
Reverse Traffic Channel isnot in use.
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Link Budget Farameters

Received Power at Mobile Station -75.0 dBms1.23MHz 3. 162E27°7BEe—11 Hs1.23MHz  H=1
Antenna connactor [ Iorx) dBms 3. 69MHz W3, B9MHz N=3

Open loop poWar offczet -84.5

Mobile Station Stored Parameters

NOM_PHR= 4,8 RLGAIN_TRAFFIC_PILOTs B0
NON_PHR_E®Ts ®.8 ELGAIN_SCH_FILOTLL 1= ®.8
INIT_PLRs @.0 ELGAIN_SCH_FPILOTLZ 1= B.0
FL_GAIN_ADd .0

Calculated Pilot Pouer -9.5 dBm B.0801 122015454 W

Figure 8.1: Pilot channd output calculation in SPW

With Radio Configuration 3 (RC=3), the Offset power is equa to —84.5 (see Table 8.1). As
shown in Figure 8.1, each of the stored parameters NOM_PWRs, NOM_PWR _EXTs, INIT_PWRs,
and RL_GAIN_ADJs is st to zero. Using Equation 1,

Ppilot =- (- 75) + (- 84.5) + 0— (16 x 0) + 0+ 0 = - 9.5 dBm.
-95-30
This vaue in dBm is converted into W, which equasto 10 10 = 0.112 mW, and applied to the
Rdative Gain block of the Reverse Pilot Channdl.

8.2 Code Channel Output Power Calculation

Based on the output power of the Reverse Filot Channd, Ppijor caculated in Equation 1, the
mobile station sets the output power of each of the Code Channds (R-FCH, RSCH1, RSCH2 or
R-DCCH), Pcoge asfollowst1:

Pcode (dBmM) =
Ppilot (dBm)
+ 0.125 x (Nominal _Attribute_Gain
- Multiple_Channel_Adjustment_Gain)
+ RLGAIN_TRAFFIC_PILOTS
+ RLGAIN_SCH_PILOT [i]9 Equation 2

In Equation 2, Nominal _Attribute_Gain represents the nomind R-FCH, RSCH1, RSCH2, or R
DCCH power reative to the Reverse Filot Channd power. This parameter is defined in Table 8.2

11 The values of Nomi nal_Attribute_Gain, Multiple_Channel_Adjustment_Gain, RLGAIN_TRAFFIC _PILOTs,
and RLGAIN_SCH_PILOTsare integers, specified in units of 0.125 dB
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for each data rate in rateset 1 and rateset 2 supported by the mobile station'2. The integer vaue
under the Input Data Rate column is used as an index to specify the data rate (in kbps) in rateset
1 and rateset 2.

Each Code Channel is assigned a Nominal_Attribute Gain depending on the data rate operated
on that Code Channd. For example, if the R-SCH1 is trangmitting at data rate 4 (19.2 kbps) with
Radio Configuration 5 (corresponds to rateset 1), the Nominal_Attribute_Gain would be 50. It
can be seen in Table 8.2 that the Nominal_Attribute Gain increases with the data rate in kbps.

Smilaly, Pilot_Reference Level is dso specified in Table 8.2. Each Code Channd is associated
with its Pilot_Reference Level depending on the data rate operated on that Code Channel.
Pilot_Reference Level is used to determine the Multiple Channel_Adjustment_Gain of the
channd.

Table 8.2: Nominal_Attribute Gain and Pilot_Reference Leve Table

Input Data Data Rate (in kbps) | Nominal _Attribute Gain Pilot_Reference L evel

Rate

rateset 1| rateset 2 rateset 1 rateset 2 rateset 1 rateset 2

Ol N[O || W|IN]|FL|O

If the mobile daion is trangmitting on only one Code Channd in addition to the Reverse Filot
Channd, then the Multiple Channel _Adjustment_Gain shdl be set to zero. If the mobile station
is trangmitting on two or more Code Channds in addition to the Reverse Filot Channd, then the
Multiple_Channel_Adjustment_Gain is caculated asfollows:

12 The dataratesin Radio Configurations 3 and 5 are included in rateset 1, while the dataratesin Radio
Configuration 4 and 6 areinincluded in rateset 2.
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1) Sdect the Code Channd having the highest Pilot_Reference Level anong dl the
Code Channels as Max_Channel.

2) Set Multiple_Channel_Adjustment_Gain of the Max_Channd to 0.
For dl other Code Chanmndls,

Multiple_Channel_Adjustment_Gain =
Pilot_Reference Level of the Max_Channd
- Pilot_Reference Level of that particular Code Channel

Equation 3

As an example, the mobile gation is tranamitting with Radio Configuration 5 (rateset 1) on the
RFCH at data rate 0, R DCCH at data rate 0, R-SCH1 at data rate 4, and R-SCH2 at data rate 5.
The cdculation of Multiple Channel_Adjustment_Gain for every Code Channd based on its
associated Pilot_Reference Level isshown in Table 8.3.

In this example, RSCH2 is the Max_Channel, which has the highes Pilot_Reference Level of
11 among dl the Code Channels. However, the Multiple Channel _Adjustment_Gain of the R-
CH2 equdsto 0, which isthe lowest among dl the Code Channels.

Table 8.3: Example of Multiple Channe  Adjustment_Gain calculation

Input Data Pilot_Reference_Level Multiple_Channel _
rate Adjustment_Gain

Pcode IS further adjusted by RLGAIN _TRAFFIC _PILOTS which is the gan adjusment of the
Reverse Traffic Channd rddive to the Reverse Rilot Channd. Smilarly, RLGAIN_SCH_PILOT
[iI]S is the gan adjusment of the Reverse Supplementa Channd i rdative to the Reverse Pilot
Channdl.

The adjugment RLGAIN_SCH_PILOTI[i]S is vdid for Reverse Supplementad Channds only.
Both RLGAIN_TRAFFIC_PILOTS and RLGAIN_SCH_PILOTS are the mobile stations stored
parameters.
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8.3 SPW Implementation

Based on Equation 2, the output power for each of the RFCH, RSCH1, RSCH2, or R-DCCH is
cdculated in the SPW reverse link modd from the following parameters:

Ppilot— calculated from Equation 1.
Nominal _Attribute_Gain — defined in Table 8.2.

Multiple_Channel _Adjustment_Gain — cdculated from Filot_Reference Leve, whichis
aso defined in Table 8.2.

RLGAIN_TRAFFIC_PILOTS-set by user.
RLGAIN_SCH_PILOT [i]S— set by user.

An example of cdculaing the output power for every Code Channd is shown in Figure 8.2. The
mobile dation is configured to transmit with Radio Configuration 5 (rateset 1) on the RFCH at
datarate O, R-DCCH at datarate 0, R-SCH1 at datarate 4, and R-SCH2 at datarate 5.

Firg, the pilot channe output power, Ppiot is cdculaed usng Equation 1. For Radio

Configuration 5, the Offset power is equa to —79.5 (see Table 8.1). By having the following
parameters set by the user in Figure 8.2:

Mean input power (lorx) = - 89.5 dBm,
NOM_PWRS =0,

NOM_PWR_EXTS =0,

INIT_PWRS =0,
RL_GAIN_ADJS=0,

Ppitot is equal to - (- 89.5) + (- 79.5) + 0— (16 x 0) + 0+ 0= 10 dBm.

Table 8.4: Parameter calculation on every Code Channel

Input Datarate Nominal _ Pilot_Reference_ Multiple_Channel _
Attribute_Gain Level Adjustment_Gain

0 (9.6 kbps)

0 (9.6 kbps)

4 (19.2 kbps)

5 (38.4 kbps)
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Second, the Nominal _Attribute_Gain and Pilot_Reference_Level for every Code Channel are determined from Table
8.2, depending on the data rate operated on the channel. As discussed in the previous section, the
Multiple_Channel _Adjustment_Gain is calculated from the Pilot_ Reference Level. Theresult is summarised in
Table 8.4.

Link Budget FParamefers

RFaceived PEO at Mobile Station -89,5 dbms1.23MHz 1, {228184548-121~1.23MHz  H=1
fntenna connector [ Lorx) dBm~3. 63MMHz W3 B9MHz N=3
open | oop pawer offset -79.5 dB

Mobile Station Stored Parameters

NOM_PLRs B.8 RLGAIN_TRAFFIC_PILOTs g, 8
MON_PHR_EXT= @.4 RLGAIN_SCH_FILOTLL 1= a.6
IMIT_FUR= 8.0 RLGAIM_SCH_FILOTLIZ 1= a.8
RL_GAIN_ADJ B.8

Calculated Pilat Power 18.8 dBm A, at W
Highsst FPilat_Referenca_Leusl 11

Fundamental Channel Power
Hominal _Attribute_Gain 3@

Filot_Reference Level a

Fundamental power 12,375 dBm @.pi7ere28981 L
OCCH Power

Mominal _Attribute_Gain 30

Filot_Refersnce_Lawel 4

OCCH power 12,375 dBm @,P17278925381 L

Supplemental Channel 1 Power

Mominal_attribute_Gain ca
Pilot_Reference_Leuvsl 1
Supplemental 1 powsr 1.4 dBm  @.@316227768 U

Supplemental Channel 2 Power

Mominal _Attribute_Gain =14]
Pilot_Referance_Leval 11
Supp lemental 2 pawer 17.5 dBm 8.056£3413252 W

Figure 8.2: Code Channe Power Calculation in SPW

Third, RLGAIN_TRAFFIC_PILOTs, RLGAIN_SCH_PILOT [1] s, and RLGAIN_SCH_PILOT[2] s
are st to 0 by user as shown in Figure 8.2.

Eventudly, the output power of every Code Channd is calculated as follows:

1) RFCH output power =10 + 0.125 (30— 11 + 0) = 12.375 dBm;
2) R-DCCH output power = 10 + 0.125 (30— 11 + 0) = 12.375 dBm;
3) R-SCH1 output power = 10 + 0.125 (50—-10 + 0 + 0) = 15.0 dBm;
4) R-SCH2 output power =10+ 0.125(60—-0+ 0+ 0) =17.5dBm.
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Please note that RLGAIN_SCH_PILOT [i]s is not applied to the R-FCH and the R-DCCH. For every
Code Channel, the calculated power in dBm is converted into W and applied to the corresponding
Relative Gain block shown in Figure 3.1.

From Equation 2:

Pcode (dBM) =
Ppilot (dBm)
-0.125 x (Nominal_Attribute_Gain
- Multiple_Channel_Adjustment_Gain
+ RLGAIN_TRAFFIC _PILOTs
+ RLGAIN_SCH_PILOT [i]s)

9. System Parameters & Performance Evaluations

In the previous section it was shown how the transmit power for each coded channd is calculated
relative to the pilot channd . In the reverse link, the signd-to-noise plus interference ratio for a
given user for each coded channd congging of a R-FCH, R-DCCH, SCH1, and SCH2 are
caculated. In this measurement, it is assumed that these channels are transmitted via a wideband
fading channd with 6 paths, in accordance with the IMT2000 specifications (the parameters of
the channd will be discussed later). Figure 3.1, in Section 5 shows the 6 path fading channd that
has been used for trangmitting the reverse link traffic channel. The noise and interference have
been modeled as Additive White Gauassian Noise (AWGN).

The spreading factor for each code channd was set according to the RC and the selected data
rate. The reverse pilot channd power is calculated according to the link budget dscussed earlier.
The pilot chand is an unmodulated spread spectrum sgnd. The pilot bits are placed a the
beginning of each dot. The ingantaneous pilot power was st a 3 dB above the data. The chips
are oversampled by a factor of 8. The SRRC filter with a roll-off factor of 0.22 was implemented
with acomplex Finite Impulse Response (FIR) filter.

In our smulations, we assume that each finger in the recever has perfect synchronization with
the corresponding path in the channd with perfect sub-chip synchronization (ided phase locked
loop).

9.1 Signal-to-Noise-Ratio

In the previous section, a description of how the average transmit powers for Reverse Pilot
channd (R-PCH), Reverse Fundamentd channd (R-FCH), Reverse Supplemental channd 1
(RSCH1), Reverse Supplemental Channd 2 (R-SCH2), and Reverse Dedicated Control Channel
(R-DCCH) are cdculated. The next step is to caculate Eb/Nt, which is defined as the ratio of the
combined received energy per bit to the effective noise power spectrd densty for R-PICH, R
FCH, R-SCH1, R-SCH2, or R-DCCH [5] at the receiver base station antenna connector.
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The Eb/Nt on the Traffic Chaand is cdculaed from the sum of dl the individud
[T_Eb(i)]c/Nt(i) ratios for each of the R-FCH, R-SCH1, and R-SCH2. For example, for R_FCH,

N-1
{Eb /NT} = & [T _Edi) I Nt(i)
R-FCH  i=0 R-FCH

Where N is the number of reflected paths in the transmisson channd and the caculaion of
T_Eb'sand Ntsare given below:

( path _loss) . ( pwr _ fch). (pwr(i))

{T_EB(I)} - bitr_ate

R-FCH

where pwr_fch is the fundamenta power caculated from the link budget and pwr (i) isthe
power of the " path. For instance, as shown in Figure 4.1, for the six paths IMT-2000 vehicular
Mode A these powers are defined as. pwr(0) = 0 dB, pwr(1) = - 1 dB, pwr (2) = -9dB, pwr (3) =
-10dB, pwr (4) =-15, and pwr (5) = -20 dB.

Smilarly thetotd effective noise Nt (i) is obtained as.

N-1
Nt(i) = lo* { a&pwr ()} + Nt jti
=0

Where | isdefined asthe total power spectra dendity of asingle user inthe cdl and is
cdculated from the following equation:

(total _ power . (path_loss))
chip_rate

lo =
[

(]
Nt istheinterference power in (W/Hz) which is applied to obtain the variance of the Additive
white Gaussian noise (AWGN) and is caculated using the following relationship:

Variance for AWGN generator (inW) = (channel_os) . (chip_rate) .(Nt)
Where channel_os is the channel over sampling and itsvalueis 8.

Contact : gharavi @nist.gov 22/5/01



9.2 Dependent Parameters for Measurement

9.2.1 Transmitter Parameters

Radio Configuration
This parameter defines the radio configuration in use and sets the values of saverd other
top level parameters. It can take valuesof 3, 4, 5 or 6.

Rateset
This parameter gives the 1S95 rateset of data rates in use. Rateset 1 is based on a full
fundamental rate of 9600 bps & rateset 2 is based on a full fundamentd rate of 14400
bps.

Soreading Rate
This gives the spreading rate in use— either 1 or 3.

Chip Rate
This parameter is derived from the spreading rate and the mode of transmisson. It gives
the chip rate of the data that is sent on the RF carrier (1.2288 Mcps for spreading rate 1
and 3.6864 Mcps for spreading rate 3)

Fundamental Walsh Length
This parameter gives the Wash length of the function used to soread the fundamenta
data, and is dways set to 16.

Channel Rate
This defines the sampling rate for the transmisson filter (eg., 8).
Transmission Filter File/Receiver Filter File

Thee parameters define the files that contain the filter coefficients for the trangmitter &
receiver filters.

9.2.2 Fundamental Channel Parameters

| s fundamental channel in use?

This has an vdue of yes or no and defines whether the fundamental channd is being used
or not.

output vector length
This is the frame length after the data has been encoded, interleaved including any post
interleaver repetition applied.

post interleaver repetition

This is the vaue of the post interleaver repetition which rate maiches the interleaved symbol
rate to the modulation symbal rate. It is 1 for spreading rate 1, and 3 for spreading rate 3.
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Walsh index
This defines index of Wadsh function that is the soreading function for data on the
fundamental channd.

Isinput data rate fixed?
This has a vdue of yes or no. If vaue is yes, then the data rate of the fundamentd channd is
fixed to one vaue, otherwise it is random and can change from frame to frame within the
gmulation.

Input data rate
This defines the fixed frame rae — takes values of 0, 1, 2 or 3, where 0 = full fundamenta
data rate (9.6/14.4 kbps), 1 = half rate (4.8/7.2 kbps), 2 = quarter rate (2.7(2.4)/3.6 kbps) and
3 =eghth rate (1.5(1.2)/1.8 kbps).

9.2.3 DCCH Parameters

|s dedicated control channel in use?
This has an vaue of yes or no and defines if R-DCCH is being used or not.

Walsh index
This defines index of Walsh function thet is the spreading function for data on the R-DCCH.

9.2.4 Supplemental Channel Parameters

Number of supplemental channels
This paameter defines the number of supplementa channels that are being smulated. It can
take valuesof 0, 1 or 2.

Supplemental channel being used
This parameter defines which supplementa channd (1 or 2) is beng used if only one
channd isin use,

Following the above paameters, are two sets of identicad parameters, one set for each
supplementa channd.

Supplemental used
This parameter defines supplemental channd in quedtion is being used or not. It is s&t from
the above 2 parameters, and can take values of yes or no.

Supplemental data rate
This parameter defines data rate on the channd. It can take vaues of 0 — 9 where 0 = 9.6/14.4
kbps, 1 = 4.8/7.2 kbps, 2 = 2.7/3.6 kbps, 3 = 1.5/1.8 kbps, 4 = 19.2/28.8 kbps, 5 = 38.4/57.6
kbps, 6 = 76.8/115.2 kbps, 7 = 153.6/230.4 kbps, 8 = 307.2/460.8 kbps and 9 = 614.4/1036.8
kbps (first value rateset 1, second value rateset 2).
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Walsh index
This defines the index of the Wash function used to spread the channd. It is s&t, as there are
only alimited number of indexes that can be used.

Walsh length
This defines the length of the Walsh function used to spread the supplementa channel data. It
is derived from the fundamenta Walsh length & N.

The parameters detailed above are dl editable in the models. However, as described, many of
them are st by other parameters, so there are only a certain number that should be set by the
user. These arel

Tranamisson Parameters
Radio configuration (3 - 6)
Channd rate
Trangmisson filter file

Fundamentd Channd Parameters
Is fundamentd chamnd in use?
Isinput data rate fixed?

Fixed framerate (0 —4)

DCCH parameters
|s dedicated control channd in use?

Supplementa Channel Parameters
Number of supplementa channds (0—2)
supplementa channel being used (1 or 2)
datarate (supplementd) (0 —9)

9.2.5 Link Budget Parameters
Received Power (lorx) in dBnv1.23MHz or dBnv/3.69MHz

Mobile Station Stored Parameters
NOM_PWRs
NOM_PWR EXTs
INIT_PWRs
RLGAIN_TRAFFIC PILOTs
RLGAIN_SCH_PILOT[1]s
RLGAIN_SCH_PILOT[2]s
Relative channd correction
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9.2.6 Channel Simulator Parameters

Vehicle speed

carrier frequency

path delays (in nsec) and path powersin dB
This lig is comprehengve. The user should not change any parameters not detailed here,
as the remaining parameters are caculated from the listed parameters.

9.3 Permitted Parameter Settings

In the reverse link, it is in the supplemental data rates that some non-permitted values can cause
problems. Unlike the forward link, the Wash indexes are specified, and therefore are not set by
the user bu by SPW. The maximum alowable data rate on the supplemental channels depends
on which supplemental channd it is, and the radio configuraion. R-SCH2 has less dlowable
data rates, because the walsh function for this channd is either Wo* or Wi®, whereas for RSCH1
the Wash function is dther W1? or W,*. Table 9.1 defines the radio configurations in which
each supplementa datarate is alowed.

Table 9.1: Permitted rever se supplemental data rates ver susradio configurations

Supplemental 1 Data Radio Configurations | Supplemental 2 Data Radio Configurations
Rate where data rate Rate where data rate
(parameter value) allowed (parameter value) allowed

1.5 or 1.8 kbps (3) 1.50r 1.8 kbps (3) 3,45&6
2.7 or 3.6 kbps (2) 2.7 or 3.6 kbps (2) 3,45&6
4.8 or 7.2 kbps (1) 4.8 or 7.2 kbps (1) 3,45&6
9.6 or 14.4 kbps (0) 9.6 or 14.4 kbps (0) 3,45&6
19.2 or 28.8 kbps (4) 19.2 or 28.8 kbps (4) 3,4,5&6
38.4 or 57.6 kbps (5) 38.4 or 57.6 kbps (5) 3,4,5& 6
76.8 or 115.2 kbps (6) 76.8 or 115.2 kbps (6) 3,45&6
153.6 or 230.4 kbps (7) 153.6 or 230.4 kbps (7) 6 (230.4)
307.2 or 460.8 kbps (8) 307.2 or 460.8 kbps (8) 5(307.2)
614.4 or 1036.8 kbps (9) 614.4 or 1036.8 kbps (9) None

The supplemental Walsh function is st according to the following rule:

Walsh function Ws* is always preferred for supplemental 1
This means that when possble We® is used for supplementa channe 2, when both channels
are present. This occurs when the supplemental 2 data rate is 57.6 kbps or less, or 115.2 kbps
for spreading rate 3. If W&® is used for RSCH2, and the RSCH1 data rate is 57.6 kbps or
less, or, 115.2 kbps when spreading rate is 3, then W.* is used to spread R-SCH2. Otherwise
W2 is used. Here the post interleaver repetition rate matched the interleaved data rate to the
required modulation symbol rate.

The choice of Wdsh function is made by the SPW mode, and should not be atered by the user.
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9.4 Channel Simulator Parameters

Noise Power Spectral Density
PSD of white gaussian noise (thermal and interference) (in dBm/ (CDMA bandwidth)MHz

Path Loss (in dB)
Average path |oss between mobile and base station.

Vehicle speed
Channel model used is vehicular A, and the parameters define the speed a which the moving vehicle
istravelling in kilometers per hour.

Carrier Frequency
This defines the frequency of the carrier in GHz.

Number of paths
Either 4 for chip rate 1.2288 Mcps or 6 for chip rate 3.6864 Mcps.

10. Test & Evaluation

Up to five different channel types can be transmitted on the reverse link of the cdma2000 system.
The smulation parameters and caculations of the dgnd-to-noise ration were described in the
previous section. These parameters can be set by the user to peform tests under various
transmisson conditions. The results presented in this report are based on a dngle user
transmisson and concentrate mainly on Radio Configuration 5 and 6 of the cdma2000 reverse
link. The carrier frequency was st a 1.9 GHz. For every set of experiments the mean output
channe powers were cadculated by the reverse link modd in accordance with the link budget
(see section 8). All the initid vaues and redive gan adjustments in te link budget were st to
zero. As discussed earlier, the mean pilot channd power was firs cdculated by the SPW
modd’s link budget by specifying the Received Power Spectrd Densgity (PSD) at the mobile
Station’ s antenna connector.

The results are presented in terms of Ey/Nt versus Bit Error Rate (BER) and Frame—Error Rate
(FER). For each test, the necessary parameters are firgt tabulated and the results are subsequently
presented. For each point in the BER/FER graph, B/Nt is cdculated by changing the vaue of loc.
In addition, for each set of results the amount of path-loss associated with Lognorma fading has
been indicated.
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10.1 Measurement 1 (RC =5)

Table 10.1 Test Parametersand mean power valuesfor measurement 1

Transmitted Information Vehicula
channel Rate r

(kbit/s) Speed

(Km/hr)

Unmodulated | Non-1ded

9.6 Fixed
38.4
38.4

9.6

FER

—4— R-FCH —&—R-SCH{ ===

0.1

0.01

0.001

0.0001

0.00001
135 14 14.5 15 15.5 16 16.5

Eb/Nt. dB
BER

=—t—R-FCH =¢—R-SCH1 == :R-SCH2

001 E

0.001 E

0.0001 E

0.00001
13.5 14 14.5 15 155 16 16.5
Eb/Nt, dt
Figure10.1 FER/BER versus Eb/Nt for R-FCH, R-SCH1, and R-SCH2 using “non-ideal
rake-receiver”
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10.2 Measurement 2 (Radio Configuration 5)

Table 10.2: Test Parameters and mean power values for measurement 2

Channel Transmitted Information Receiver Path_loss | Vehicular
channel Rate (dB) Speed
(kbit/s) (Km/hr)

yes Un-modul ated Non-Ideal 100 100

yes 9.6 Non-ldeal 100 100

yes 19.2 Non-ldeal 100 100

no 19.2 Non-ldeal 100 -

yes 9.6 Non-Ideal 100 100

FER

—&— R-FCH —¢— R-SCH1 —8—R-SCH2
0.1

0.01

0.001

0.0001

0.00001
135 14 14.5 15 155 16 16.5 17
Eb/Nt, dB
BER
1
o1 —&— R-FCH =+—R-SCH1 —#—R-SCH2

0.01

0.001

0.0001

0.00001
135 14 145 15 155 16 16.5 17
Eb/Nt, dB..

Figure 10.2: FER/BER versus Eb/Nt for R-FCH, R-SCH1, and R-SCH2 using “ non-ideal rake-

receiver”
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10.3 Measurement 3 (Radio Configuration 6)

Table 10.3: Test Parameters and mean power values for measurement 3

Transmitt Information Path_loss | Vehicular
ed Rate (dB) Speed
Channel (kbit/s) (Km/hour)

un-modul ated Non-ldeal

144 Non-Ideal

28.8 Non-ldeal

288 Non-ldeal

144 Non-ldeal

FER

o1 —#—R-FCH ==+=R-SCH1 —&— R-SCH2

0.01

0.001

0.0001
0.00001
135 14 14.5 15 15.5 16 16.5
Eb/Nt, dB
BER

—4&—R-FCH —+—R-SCH1 —=—R-SCH2

0.1%
0.01
0.001

0.0001 §

0.00001

135 14 14.5 15 15.5 16 16.5
Eb/Nt, dB
Figure 10.3 FER/BER versus Eb/Nt for R-FCH, R-SCH1, and R-SCH2 using “non-ideal rake
receiver”
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10.4 Measurement 4 (RC =5)

Table 10.4: Test Parameter sand mean power valuesfor measurement 4
Transmitted | Information Path_loss| Vehicular

channel Rate (dB) Speed
(kbit/s) (Km/hr)

Unmodulated

9.6 Fixed
19.2
19.2
9.6

FER

0.1

0.01

0.001
0.0001
0.00001
55 -5 -4.5 -4 -35 -3 25 -2 -15
EB/Nt, dB..
.BER
=t R-FCH ==—t=——R-SCH1 —& —R-SCH2
0.1

0.01

0.001

0.0001

0.00001
-55 -5 -4.5 -4 -3.5 -3 -2.5 -2 -1.5
Eb/Nt, dB..
Figure 104 FER/BER versus Eb/Nt for R-FCH, R-SCH1, R-SCH2, using “ideal rake
receiver”
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10.5Measurement 5 (RC =6)

Table10.5 Test Parametersand mean power valuesfor measurement 5

Transmitted Information Vehicular
channel Rate Speed
(kbit/s) (Kmvhr)
Unmodul ated
14.4 Fixed
28.8
28.8
14.4

FER

ety R-FCH ——R-SCH] ==== R-SCH2
0.1

0.001

0.0001

0.00001

5.5 -5 -4.5 -4 3.5 -3 25 -2 -1.5
Eb/Nt, dB..

BER
1

0.1 g R-FCH —¢—R-SCH1 — # — R-SCH2
0.01
0.001
0.0001

0.00001

0.000001
-5.5 -5 -4.5 -4 -3.5 -3 -2.5 Eg/Nt dB -1.5

Figure 10.5. FER/BER versus Eb/Nt for R-FCH, R-SCH1, R-SCH2, using “ideal rake
receiver”
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10.6 Comparisons between Ideal and Non-ldeal Receiver

Comparing the results between the ided and nonrided rake recavers indicates a sSgnificant
performance difference between the two. For ingance; for radio configuration 6 (Figures 10.3
and 10.5) the difference in terms of EW/Nt is nearly 18 dB. One important factor, which may
explan such a reatively poor peformance is the fact that, in this modd, the channd is
esimated without taking into account the neighboring pilot symbols. More importantly, in the
despreaded symbols, dl the rake fingers are summed together unweighted. Indeed, by applying
an gppropriate combining method such as "Maxima Ratio Combining,’ the performance can be

FI]E-R/BER

01 F

0.01 f

——R-SCH1 (FER)

0.001 [ —+—R-FCH (FER)

— -8 — R-SCH2 (FER) —%—R-FCH (BER)
—%— R-SCH1(BER) —e——R-CH2 (BER)
0.0001
6 6.5 7 75 8 8.5 9

10
Eb/Nt, dB

improved consderably. This has been verified in our recent experiments where such a method
was incorporated in the rake recever modd. Although further detalls of the mode desgn are
beyond the scope of this report, Figure 10.6 shows the FER/PER performance when Maxima
Ratio Combing is gpplied.

Figure 10.6 FER/BER of the non-ideal rake with "maximal Ratio Combining" receivers
for R-FCH, R-SCH1, and R-SCH2.
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11. Conclusion

Having previoudy developed the cdma2000 forward link and the Multicarrier models, the next
chalenge was to develop the cdma2000 reverse link. CDMA systems rey heavily on drict
power control to effectively manage the channe capacity of the system. Each mobile has its own
power control to handle the path loss and the aggregate interference. In the cdma2000 reverse
link a tight budget link has been specified to handle the power dlocation on every transmitted
channd. Thus, one of our most important objectives in developing the reverse link has been the
implementation and incluson of the link budget in our modd. The link budget has been a crucid
factor in performing our measurements according to the test environment and the link parameters
Specified by the standard.

In addition, as the standard policy is not to recommend any specific design for the receiver, our
next chalenge was to develop a suitable recaiver for our modd. Bear in mind that the efficiency
of a recaver can have a sgnificant effect on the overal performance of a CDMA sysem. We
have therefore implemented two types of receivers 1) non-ided (with the assumption that the
receiver knows the multipath delays), and 2) ided recelver. In our experiments the performance
of both receivers has been evaluated and compared. Furthermore, it was suggested that with an
additiond Maximd Ratio Combining scheme, the rake recever performance can be enhanced
congderably.

Findly, the viability of the cdma2000 reverse link has undergone extensve testing to revdidae
the model. However, consdering the complexity, the share sze of the modd, and the limited
manpower, there is no way that we can guarantee the full accuracy of the modd. Neverthdess,
we plan to continue our efforts to further test and revaidate the modd and perform further
research and investigations to extend the modd in conjunction with recent TIA/EIA 1S2000
revisons.
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Appendix A

Convolutional Coding

The generator function for each encoding rate (1/4, 1/3, or Vis listed in Table A. For the rate 1/3, the

generator function g3 is not applicabe. For the rate ¥2 and g3 are not applicable. The code symbols

are sent out such that the code symbol (c,) encoded with generator function g, goes out first, the code
symbol (c;) encoded with generator function g; is output second, and so forth if necessary.

The date of the convolutiona encoder, upon initidization, is the al-zero state. The first code symbol that
is output after initidization is a code symbol encoded with generator function g0. The encoders for the
three different rates are illustrated in Figure A-1, Figure A-2, and Figure A-3. The congraint length is 9
for every encoder.

Encoding g0 gl g2 g3
Rate (octal) (octal) (octal) (octal)

Ya 765 671 513 473

13 557 663 711 N/A

Y5 753 561 N/A N/A

Table A: Generator functionsfor different encoding rates
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Figure A-1: K = 9, Rate = 1/4 Convolutional Encoder
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Figure A-2: K = 9, Rate = 1/3 Convolutional Encoder
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Figure A-3: K = 9, Rate = 1/2 Convolutional Encoder

Appendix B

Walsh Function Generation

The Walsh functions are generated from Hadamard matrices. A Walsh function Wn" represents aWalsh
function of length N that is serially constructed from the nth row of an N x N Hadamard matrix. The
zero-th row being Wash function 0, the first row being Wash function 1, etc. Within function n, Wash
chips are transmitted seridly from the rith row from left to right. Hadamard matrices are formed using
the following recursion process:

= O+ O
= = O O

where N isapower of 2 and H ,, denotes the binary complement of HN.
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